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57 ABSTRACT 
The present invention provides apparatus for composite 
slab construction, comprising an open web of zig-zag 
structure upper and lower knuckles and at least one 
chord united to the web to form a joist. The chord will 
include an upper chord comprising a sealing first bar 
which extends longitudinally in said joist and which has 
first bar which extends longitudinally in said joist and 
which has first and second legs. The first leg is a longi 
tudinal, upright leg with a first face which is upright 
and confronts one side of the web. The second leg com 
prises plural longitudinally-spaced leg segments extend 
ing longitudinally throughout the length of, open 
spaces. The second bar extends longitudinally in said 
joist and includes an upright third leg having a second 
face which is upright and confronts the other side of the 
web. This second face is laterally spaced from the first 
leg and is in closely spaced or abutting relationship with 
the leg segments of the first bar. Together, the first, 
second and third legs and leg segments and their respec 
tive faces form a concrete-receiving channel into which 
a plurality of the upper knuckles of the web extend to 
partition the channel into plural, longitudinally spaced 
pockets having open upper mouths for receiving con 
crete. Spanner bars extend between adjacent joists. 

14 Claims, 8 Drawing Figures 
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1. 

KEYABLE COMPOSTEOST 

This invention relates to floor and roof constructions, 
and more particularly, to composite open web steel joist 
and concrete floor and roof constructions, and to meth 
ods of erecting formwork for pouring a slab in place on 
steel joists. 

BACKGROUND OF THE INVENTION 

In some methods of constructing floors and roofs, 
steel joists are placed in position spanning structural 
supports therefor. The joists support panels, such as 
plywood sheets, which form the bottom member of a 
mould, and concrete is poured on the panels to form a 
slab. It is desirable to be able to reuse the panels after the 
concrete has hardened and the forms removed. This 
requires that the forms be supported in such a way that 
they can be removed with little or no damage to them, 
and the prior art teaches a variety of techniques for 
supporting forms in such a way that they can be re 
moved. However, some of the methods are not applica 
ble to open web joist systems; some, which may be used 
with open web joist systems, are difficult to use in prac 
tice; some of the systems may raise safety questions; and 
some of these systems may not permit an extensive span 
between adjacent joists. 

In one type of system, metal bars, referred to herein 
as spanner bars, extend between adjacent joists and 
provide support for the concrete forms. The prior art 
methods of supporting the spanner bars at the joists, 
especially at open web joists, can present problems in 
assembly, disassembly, adjustability, adaptability to a 
variation in joist structure, and safety. 

SUMMARY OF THE INVENTION 

The present invention provides apparatus for com 
posite slab construction, comprising an open web of 
zig-zag structure with slanted bracing members, upper 
and lower knuckles and open spaces between the brac 
ing members, as well as at least one chord united to the 
web to form a joist. The chord(s) may or may not in 
clude a lower chord but will include an upper chord 
comprising a sealing first bar which extends longitudi 
nally in said joist and which has first and second legs. 
The first leg is a longitudinal, upright leg with a first 
face which is upright and confronts one side of the web. 
The second leg comprises plural longitudinally-spaced 
leg segments extending longitudinally and laterally 
from the first leg, into and substantially throughout the 
length of, open spaces extending between the bracing 
members and located between adjacent upper knuckles 
of the web. The second bar extends longitudinally in 
said joist and includes an upright third leg having a 
second face which is upright and confronts the other 
side of the web. This second face is laterally spaced 
from the first leg and is in closely spaced or abutting 
relationship with the leg segments of the first bar. To 
gether, the first, second and third legs and leg segments 
and their respective faces form a concrete-receiving 
channel into which a plurality of the upper knuckles of 
the web extend to partition the channel into plural, 
longitudinally spaced pockets having open upper 
mouths for receiving concrete and in which the adjoin 
ing surfaces of said legs, leg segments, faces and knuck 
les abut with one another or are sufficiently closely 
spaced for forming keyed connections between said 
pockets and a concrete slab. 
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2 
The present invention can be utilized in a wide vari 

ety of modified forms or embodiments, only a few of 
which will be shown herein. Each embodiment will 
satisfy one or more, and the most preferred embodi 
ments will satisfy a majority or all, of the following 
objects, i.e. to provide means and methods for: support 
ing spanner bars from a joist which permit easy assem 
bly and disassembly of the spanner bars; supporting 
spanner bars so that they are readily adjustable in a 
direction perpendicular to the joist to allow for unequal 
spacing of the joists; supporting spanner bars in such a 
way that an external force is required to release the bar; 
erecting formwork for pouring a slab in place on open 
web joists; for pouring concrete floors and ceilings; 
providing a composite steel joist and concrete slab sys 
tem for a roof or floor construction wherein the joists 
are open web joists and a poured concrete slab extends 
between adjacent joists and encloses the top portion of 
the joist; providing an open web joist having a top 
chord which is readily encased in concrete, thus form 
ing an integral structure with the concrete; and provid 
ing a joist top chord and removable forming system that 
reduces the leakage of concrete through the mould 
when the slab is cast. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view from beneath a compos 
ite concrete slab with joists in accordance with the 
invention. 
FIG. 2 is a perspective view of one of the joists 

shown in FIG. 1, taken from above, with parts broken 
out and with the slab being removed. 
FIG. 3 is a top view of one of the joists of FIG. 1 

without the slab. 
FIG. 4 is a sectional view, with parts broken out, of 

the joist shown in FIG. 3, with portions of the concrete 
slab in place. 
FIG. 5 is a transverse cross section of one of the joists 

shown in FIG. 1, with the concrete slab removed but 
with spanner bars in place. 
FIG. 6 is a perspective view of a broken out portion 

of the joist shown in FIG. 5, taken from above, showing 
details of connecting members and locking sockets. . 
FIG. 7 is a perspective view of one of the spanner 

bars shown in FIGS. 1 and 5, taken from above. 
FIG. 8 is similar to FIG. 5, except that the slab is in 

place. 
DESCRIPTION OF PREFERRED 

EMBODIMENTS 

A preferred embodiment of the invention includes a 
joist having bracing members which have knuckles and 
which are supported in a chord or chords. For purposes 
of the present invention, a knuckle is a structure which 
includes that portion of the adjoining parts of two adja 
cent bracing members which approach one another at 
(including in, on or near) one of the chords. For exam 
ple, a knuckle may constitute a bend in a continuous 
length of zig-zag web stock which includes a plurality 
of bracing members formed from the same piece of 
material. Alternatively, a knuckle may constitute a zone 
in which the ends two adjacent bracing members 
formed from separate pieces of material approach one 
another, with or without actually making contact with 
one another. 
The bracing members and elements of the chord(s) 

may be fabricated from bars, some of which include 
upright components. For purposes of the present inven 
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tion, a bar is an elongated member of any material, of 
any transverse or longitudinal cross-section, which may 
be monolithic or not, and which may be homogeneous 
or not, provided it conforms to the shape and spatial 
characteristics discussed herein. Such bars may include 
only the components discussed herein, or more com 
monly will include additional component parts which 
do not prevent operation of the structure in accordance 
with the invention. Upright, when used in the present 
description and claims, signifies that a member or speci 
fied portion of a member is more nearly vertical than 
horizontal. More typically the upright components used 
in the invention are not inclined more than about 20 
from the vertical. In most instances, these components 
will be substantially vertical. 
The preferred embodiment disclosed in FIGS. 1-8 of 

the drawings includes a joist 1 for composite slab con 
struction, comprising an open web 2 of zig-zag structure 
with slanted bracing members 3 having upper knuckles 
4, lower knuckles (not shown), open spaces 6 between 
the bracing members, and at least one chord united to 
the web to form a joist. While a lower chord is not 
always used in such joists, it is preferred that the joist of 
the present invention include both a lower chord 7 and 
an upper chord 8, the latter comprising a first sealing 
bar 12 which extends longitudinally in the joist and has 
a longitudinal, upright first leg 13 with a first face 14. 
Face 14 is upright and confronts one side 15 of web 2. A 
second leg 16 of bar 12 comprises plural longitudinally 
Sextending leg segments 17 interspersed with knuckle 
receiving openings 18. These second leg segments ex 
tend longitudinally and laterally from the first leg. Also, 
they extent into and substantially throughout the length 
of these portions of open spaces 6 which extend be 
tween the bracing members 3 and are located between 
adjacent upper knuckles 4 of the web. 

* For purposes of the present disclosure and claims, a 
3 segment is one of a series of individual filler members 
which, as compared to the first leg, and as compared to 

* other segments, may be formed from the same or from 
& a different piece or pieces of material. While adjoining 
segments are distinct from one another in the sense of 
being located at opposite ends of knuckle-receiving 
openings or spaces located between them, they may or 
may not, but usually will, be connected to one another 
in some fashion, such as through being integral with the 
first leg and/or through narrow extensions of the seg 
ments extending along the sides of such openings. 
Upper chord 8 also includes a second bar 22 which 

extends longitudinally in the joist and includes an up 
right third leg 23 having a second face 24. Face 24 is 
upright and confronts the other side 25 of web 2. Sec 
ond face 24 is also laterally spaced from first leg 13 and 
is in closely spaced or abutting relationship with the 
second leg segments 17 of first bar 12. 
The invention is not limited to using first and second 

bars having the specific configurations shown in the 
drawings. However, these shapes are particularly ad 
vantageous and are thus preferred embodiments for a 
number of reasons which will be described below. 

Preferably the sealing first bar(s) of said joist(s) com 
prises an angle bar of double L cross-section extending 
longitudinally in the upper chord. A bar of double L 
cross-section has integrally formed central web, upper 
flange and lower flange portions extending longitudi 
nally in said bar with the upper and lower flange por 
tions extending laterally in opposite directions at upper 
and lower elevations on the central web portion when 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4. 
viewed in transverse cross-section with the central web 
portion vertically disposed. 
When a double L bar is employed, it is preferably 

arranged so that its central web portion constitutes or 
corresponds with first leg 13. To the central web por 
tion are attached an upper flange portion 26 and a lower 
flange portion which constitutes or corresponds with 
the leg segments 17 of second leg 16 and extends toward 
third leg 23. These segments remain attached to the 
central web portion after removal of material from the 
lower flange portion to form the knuckle-receiving 
openings 18 at longitudinally spaced intervals along said 
lower flange portion. These openings can be formed 
simultaneous with the formation of the second bar by 
cold rolling the bar stock with an angle forming roll 
having an integral punch to form the openings. 
The widths of openings 18 may correspond with or 

be smaller than the widths of the second leg segments, 
so that the above-mentioned leg segments may be en 
tirely separate from one another, such as when the web 
thickness and opening widths correspond with the 
widths of the segments as shown in FIG. 2. Alterna 
tively, the segments may be connected by continuations 
of the segments which extend along one or both sides of 
the openings, such as when the widths of the segments 
are greater than the web thickness and opening widths. 

Preferably, the second bar(s) of said joist(s) comprises 
an angle bar of L. cross-section extending longitudinally 
in said upper chord. For purposes of the present inven 
tion, a bar of L. cross-section has integrally formed 
upright main web and lateral flange portions, both of 
which extend longitudinally in said bar. When a bar of 
L. cross section is utilized as the second bar of the joist, 
its main web portion preferably is or includes the third 
leg 23 of the joist, to which is connected lateral flange 
portion 27. 
When the main web portion is sufficient height, it can 

include a longitudinally extending portion 28 of said 
third leg which is disposed below the second leg seg 
ments 17 of the first bar is or includes an integrally 
formed portion of the main web portion. The presence 
of the longitudinally extending portion 28 in the upper 
chord reduces the criticality of respectively maintaining 
the upper flange portion and the lateral flange portion 
of the first and second bars 12 and 22 at identical eleva 
tions during assembly of the upper chord, by providing 
a sufficient vertical expanse for the leg segments 17 to 
closely approach or abut against despite differences in 
such elevations. 
Forming the upper chord from L and double Langle 

stock permits construction of the joist from readily 
available shapes by familiar and conventional fabrica 
tion procedures, eliminating the need for using special Z 
or Scross-section bars and the special fabrication tech 
niques which their use entails. The herein-described 
preferred embodiment of the invention and various 
alternative forms thereof can be successfully fabricated 
by easily made modifications to the commodity bar 
joists which are manufactured by over four dozen com 
panies in the U.S. The required bars can be fabricated in 
cold roll presses and then integrated into a standard 
joist. The process of integration or assembly can be and 
frequently is done essentially by hand in a series of 
"lines'. Each line consists of a number of welding per 
sonnel standing side by side, and they weld the upper 
and lower cords to the zigzag web members, as these 
components pass along the fabrication line, thus form 
ing a completed joist. 

  










